Introduction
The ®broblast growth factor (FGF) family of mitogens comprises at least 14 structurally related growth factors (see reviews by Klagsbrun, 1989; Basilico and Moscatelli, 1992; and Tanaka et al., 1992; Miyamoto et al., 1993; Yamasaki et al., 1996; Smallwood et al., 1996) . Individual FGFs play key roles in various physiological and pathological processes, including embryonic development, wound healing, and tumorigenesis (see reviews by Klagsburn, 1989; Basilico and Moscatelli, 1992; Rubin et al., 1995) . Whereas most FGFs regulate proliferation and/or dierentiation of many dierent cell types, FGF-7 (keratinocyte growth factor) diers from other FGF family members by its high speci®city for epithelial cells Marchese et al., 1990; Miki et al., 1991) . Thus the only known high anity receptor for FGF-7, a splice variant of FGF receptor 2 (FGFR2-IIIb) (Miki et al., 1991; , is only expressed by cells of epithelial origin.
Previous studies have suggested an important role of FGF-7 and its receptor in wound repair. Expression of this mitogen is strongly upregulated in dermal ®broblasts after cutaneous injury in mice and humans (Werner et al., 1992; Marchese et al., 1995) . This induction is likely to be mediated by serum growth factors and pro-in¯ammatory cytokines which are released at the wound site, since these factors are potent inducers of FGF-7 expression in cultured ®broblasts (Brauchle et al., 1994; Chedid et al., 1994) . Most interestingly, induction of FGF-7 expression is signi®cantly reduced in animals suering from wound healing abnormalities (Werner et al., 1994a; Brauchle et al., 1995) , suggesting that reduced levels of this mitogen are associated with impaired healing. This hypothesis was supported by the bene®cial eect of exogenous FGF-7 for wound reepithelialization (Staiano-Coico et al., 1993; Pierce et al., 1994; Wu et al., 1996) . The important role of FGF-7 and its receptor in normal and wounded skin was proven in a transgenic mouse model where a truncated FGF-7 receptor (FGFR2-IIIb) mutant was expressed in basal keratinocytes of the epidermis, thereby blocking signal transduction by the endogenous receptor. These transgenic mice had severe abnormalities in nonwounded skin, including epidermal atrophy and hair follicle defects. After cutaneous injury, wound reepithelialization was signi®cantly reduced (Werner et al., 1994b) , demonstrating the important role of FGFR2-IIIb ligands in this process. Surprisingly, knockout mice which lack FGF-7 had no obvious wound healing defect (Guo et al., 1996) . Since the truncated FGFR2-IIIb mutant does not only block the action of FGF-7 but also of other FGFs which bind to this receptor (Ueno et al., 1993) , the dierent results obtained with the two transgenic mouse models suggested the existence of other receptor ligands which can compensate for the lack of FGF-7 in the knockout mice.
We have recently identi®ed a novel human keratinocyte growth factor, KGF-2, (Jimenez et al., 1997 ; manuscript submitted) that shared homology with FGF-7. KGF-2 is the human homologue of rat FGF-10 (Yamasaki et al., 1996) for which no function was described. We have demonstrated that FGF-10 was a keratinocyte mitogen in vitro and in vivo. Recombinant FGF-10 protein also promoted skin wound repair in healing-impaired mice (Jimenez et al., 1997; manuscript submitted) . Several questions arise from these ®ndings. For example, is FGF-10 expressed by cells of mesenchymal or epithelial origin?
Is endogenous FGF-10 induced, like FGF-7, during wound repair? Is FGF-10 expression regulated in the same manner as FGF-7 by serum factors and proin¯ammatory cytokines? In order to study the expression and regulation of endogenous FGF-10 during wound repair, we initiated the cloning of the mouse FGF-10 (mFGF-10) cDNA.
In this study, we report the identi®cation and the primary structure of mFGF-10. In addition, we characterized the secretion and post-translational modi®cation of mFGF-10 proteins. Finally, we studied the mRNA expression of mFGF-10 in normal mouse tissues and in mouse skin during wound repair. The regulation of mFGF-10 mRNA expression in ®broblasts by serum factors that have been shown to induce FGF-7 expression in these cells was also investigated. Our results suggest that mFGF-10 and mFGF-7 might have overlapping but also distinct functions in various mouse tissues.
Results

Cloning of mFGF-10 cDNA
We have recently identi®ed a novel human keratinocyte growth factor, FGF-10 (Jimenez et al., 1997; manuscript submitted) that shared high degree homology with rat FGF-10 ( Yamasaki et al., 1996) . In order to clone the mouse mFGF-10 cDNA, we utilized identical nucleotide sequences in the human FGF-10 and rat FGF-10 cDNAs to amplify an mFGF-10 cDNA fragment by PCR. This mFGF-10 probe was then used to obtain a longer mFGF-10 cDNA from a mouse lung cDNA library. The mFGF-10 cDNA is 2155 bp in length and contains a full length open reading frame for mFGF-10. It is predicted to encode a protein of 209 amino acids (Figure 1) , with a calculated molecular mass of 23.6 kD. The amino acid sequence of mFGF-10 is 92% identical to that of human FGF-10, and 91% identical to that of rat FGF-10 (Yamasaki et al., 1996) . The ®rst 35 amino acids of the mFGF-10 protein are predicted to constitute a signal peptide for secretion (see Figure 1) . Among all other FGF family members besides human FGF-10 and rat FGF-10, mFGF-10 is most homologous to FGF-7 (57% identity at the amino acid level). Three cysteine residues in rat FGF-10 and in human FGF-7 are conserved in human FGF-10 and mFGF-10 (Figure 1 ), including Cys151 of mFGF-10 that is conserved throughout the entire FGF family (see reviews by Klagsbrun; 1989, Basilico and Moscatelli, 1992) .
Characteristics of mFGF-10 proteins expressed in mammalian cells
In order to characterize the mFGF-10 protein, we ®rst performed a coupled in vitro transcription/translation (TNT) reaction with an expression construct of mFGF-10 containing a carboxyl-terminal tag of the in¯uenza virus hemagglutinin (HA). This epitope tag was used because it can be detected by a monoclonal antibody. The reaction was carried out in the absence of a microsomal fraction in order to obtain the nonprocessed, non-glycosylated primary translation product. As shown in the right lane of Figure 2 et al., 1996) , and human FGF-7 (hFGF-7) . Identical sequences to mFGF-10 are boxed. The predicted signal peptide (amino acids 1-35) of mFGF-10 is underlined. Potential N-glycosylation sites in the mFGF-10 protein are indicated with asterics were obtained. In a westernblot analysis the larger protein (25 kD) was detected by the HA antibody, demonstrating that the complete carboxy-terminus was present. Thus this protein is likely to represent the complete primary translation product including the signal peptide and the HA tag. By contrast, the smaller protein was not recognized by the HA antibody, suggesting that it is truncated at the carboxylterminus. After immunoprecipitation and westernblot analysis of the TNT products, a 31 kD protein was also observed. However, this protein is unlikely to represent an mFGF-10 species, since (i) it was not seen in the autoradiogram and (ii) it was also present after immunoprecipitation of vector-transfected cells. Thus, it is likely to represent an ubiquitous cellular protein which cross-reacts with the HA-antibody.
Because mFGF-10 contains a predicted signal peptide for secretion, we analysed whether the mFGF-10 protein is indeed secreted by mammalian cells and whether it is post-translationally modi®ed. For this purpose the human kidney epithelial cell line 293 was transiently transfected with the mFGF-10-HA plasmid. mFGF-10 proteins were then immunoprecipitated with the monoclonal anti-HA antibody from either the cell lysates or the cell culture media. Surprisingly, the mFGF-10-HA protein appeared in the cell lysates but not in the media (Figure 2 ). Therefore, mFGF-10 protein could be either inside the cells, associated with the cell surface, or associated with the extracellular matrix. We could not rule out the possibility that mFGF-10 secreted into the media had a cleaved carboxyl-terminus so that it was not immunoprecipitable by the anti-HA antibody.
In the cell lysates, the carboxyterminal HA-tagged mFGF-10 appeared as four bands on SDS ± PAGE, migrating at approximately 22, 25, 26 and 30 kD ( Figure 2 ). Since the 22 kD protein was recognized by the HA antibody, it seems to have a truncation at the amino-terminus and not at the carboxyl-terminus. Thus it might represent the primary translation product without the signal peptide. We cannot rule out the possibility that the amino-terminal truncation extends beyond the predicted signal peptide. The observed higher molecular weight species from 293 cells could represent mFGF-10 proteins with posttranslational modi®cation such as glycosylation, although the 25 kD protein could also represent the primary translation product including the signal sequence.
N-linked glycosylation of mFGF-10 protein
There are two potential N-linked glycosylation sites (Asn 50 and Asn 197; indicated with an asterics in Figure 1 ) in mFGF-10. In addition to the fact that the observed molecular weight of three mFGF-10 species was higher than the predicted one, glycosylation of mFGF-10 protein is supported by an experiment in which 293 cells were treated with tunicamycin, an inhibitor of N-linked glycosylation. Even a short incubation (4 h) in tunicamycin-containing medium (2 or 5 mg/ml) resulted in a drastic reduction of the 30 kD mFGF-10 species. By contrast, the levels of the 25 and the 26 kD species increased ( Figure 3) . Therefore, the cell-or extracellular matrix-associated 30 kD mFGF-10 protein contains N-linked glycosylation, whereas the 25 kD and 26 kD proteins might contain O-glycosylation or other types of posttranslational modi®cation.
Release of mFGF-10 into the media by heparin
Because mFGF-10 has a predicted signal peptide for secretion and because the 30 kD mFGF-10 protein contains N-linked glycosylation, we speculate that mFGF-10 is secreted but remains associated with the cell surface or the extracellular matrix. To test this possibility, cells were grown in the presence or absence of heparin, which was known to compete for binding of FGFs to the extracellular matrix and cell surface proteoglycans. As shown in Figure 4 , the 22 kD mFGF-10 protein, which was the least abundant mKGF-2 species in the cell lysate (see also Figure 2 ), was released into the medium upon addition of heparin. In addition, heparin released some of the 30 kD species into the medium, particularly at a Release of mFGF-10 into cell culture media by heparin. After transfection with the pcDNA-mFGF-10-HA expression construct (mFGF-10) or pcDNA alone (Vec), 293 cells were treated with various concentrations of heparin for 24 h (the numbers in parenthesis indicate the heparin concentration, unit/ml). mFGF-10 protein in the cell lysates or in cell culture media was immunoprecipitated and analysed by SDS 13% PAGE and Western blotting. The arrows point to mFGF-10 protein species. mFGF-10 protein released into the media by heparin has a molecular weight of approximately 22 kD concentration of 0.01 units/ml (0.055 (mg/ml). Furthermore, heparin appeared to stabilize mFGF-10 proteins in the cells, since the levels of mFGF-10 protein were higher in heparin-treated cells compared to non-treated cells. These data suggest that the 22 kD protein and at least some of the 30 kD protein are bound to the extracellular matrix and/or cell surface, whereas the other mFGF-10 species mostly remain inside the cell.
Tissue-speci®c expression of mFGF-10
To determine potential sites of FGF-10 action, we analysed the expression pattern of mFGF-10 in adult mouse tissues by Northern blot and RNase protection assays. Using a mouse multiple tissue Northern blot, we observed four mRNA species of 1.7, 4.2, 4.4. and 4.8 kb which were present at dierent levels in various mouse tissues and organs (data not shown). To determine if these transcripts are indeed derived from the mFGF-10 gene and also to detect low amounts of mFGF-10 mRNA, we used a highly sensitive RNase protection assay to further elucidate the expression pattern of mFGF-10. Under the chosen conditions, every single mismatch is recognized by the RNases. Therefore, transcripts derived from a dierent FGF gene cannot be detected by this assay. As shown in Figure 5 , mFGF-10 was highly expressed in lung, brain, and in the dermal compartment of mouse tail skin. This is dierent from the human situation, where FGF-10 mRNA was only present at extremely low levels in the skin (Jimenez et al., submitted for publication; S Werner, unpublished data). In addition to these tissues, high levels of mFGF-10 mRNA were also found in the mammary gland (data not shown) and moderate levels were seen in heart and skeletal muscle. By contrast, mFGF-10 expression could not be detected in intestine, kidney, liver, testis or in the epidermal compartment of tail skin. The mRNA expression pattern of mFGF-10 was similar to that of mFGF-7 in general, although the latter was also expressed in the small and large intestine of normal adult mice ( Figure 5) . Thus, mFGF-7 and mFGF-10 have mostly overlapping but also distinct sites of expression.
mRNA expression of mFGF-10 during wound repair A remarkable feature of FGF-7 is the strong induction of its expression after cutaneous injury in mice and humans (Werner et al., 1992; Marchese et al., 1995) . Therefore we analysed the expression of mFGF-10 during the healing process of full-thickness excisional wounds in mice. As expected from the strong expression of mFGF-10 in the dermal compartment of mouse tail skin, expression of this factor was also high in normal mouse back skin where the wounds were introduced ( Figure 6 ). Unlike FGF-7, however, no signi®cant induction of FGF-10 expression could be detected during wound healing and expression levels of this growth factor even declined after skin injury (Figure 6 ).
Regulation of mFGF-10 expression in cultured ®broblasts
Due to the lack of induction of mFGF-10 expression after skin injury, we speculated about a dierential regulation of mFGF-7 and mFGF-10 in skin-derived cells. To address this question, we ®rst determined the probe tRNA small int. large int. liver testis heart sk. muscle lung kidney brain dermis epidermis mFGF-10 mFGF-7 Figure 5 RNase protection analysis of mFGF-10 and mFGF-7 mRNA in adult mouse tissues. First panel: 20 mg of total cellular RNA from various adult mouse tissues was analysed by RNase protection assay for the presence of mFGF-10 mRNA. Hybridization was performed under high-stringency conditions to avoid cross-hybridization with other FGF mRNAs. The 322 bp fragment described in Materials and methods was used as a probe. 1000 c.p.m. of the hybridization probe were loaded in the lane labeled`probe' and used as a size marker. Twenty mg of tRNA was used as a negative control. The mFGF-10-speci®c band is indicated with an arrow. The additional bands result from self-hybridization of the probe, since they are also present in the tRNA lane. Second panel: The experiment shown above was repeated with a murine FGF-7 probe using the same batch of RNAs. The FGF-7-speci®c band is indicated with an arrow. An ethidium bromide stain of 1 mg of the same batch of RNAs is shown below probe tRNA skin 1d wound 3d wound 5d wound 7d wound 13d wound Figure 6 mRNA expression of mFGF-10 in normal and wounded skin. Total cellular RNA (20 mg) from normal and wounded mouse back skin was analysed by RNase protection assay for the presence of mFGF-10 mRNA. The 178 bp fragment described in Materials and methods was used as a probe. 1000 c.p.m. of the hybridization probe were loaded in the lane labeled`probe' and served as a size marker. Twenty mg of tRNA was used as a control. An ethidium bromide stain of the same batch of RNAs is shown below types of cells in the skin which express mFGF-10 in vitro. Similar to FGF-7, mFGF-10 was expressed by cultured ®broblasts (Balb/c 3T3 cell line) but not by keratinocytes or macrophages (data not shown). Since FGF-7 expression in ®broblasts is strongly upregulated by the serum growth factors EGF and PDGF-BB and by the pro-in¯ammatory cytokines IL-1b and TNF-a, but not by TGF-b1, we analysed the eect of these factors on mFGF-10 expression. As shown in Figure 7 , EGF and IL-1b had no eect on mFGF-10 expression in Balb/c 3T3 cells. By contrast, a strong repression of mFGF-10 was observed within 1.5 and 5 h after addition of TGF-b1 or TNF-a and a minor repression was obtained with PDGF-BB. This repression was reversible and mFGF-10 mRNA levels increased again after 8 h of growth factor or cytokine treatment. These data demonstrate an opposite eect of various growth factors and cytokines on FGF-7 and mFGF-10 expression in ®broblasts.
Discussion
We have recently identi®ed a novel human FGF, keratinocyte growth factor 2, or human FGF-10. In order to characterize the regulation of FGF-10 expression in vivo, we chose to clone the mouse FGF-10 (mFGF-10) cDNA. Although the mFGF-10 cDNA is nearly identical to human FGF-10 and rat FGF-10, its sequence diverges from the other two in a serine-repeat region near the amino-terminus and in the last few amino acids of the carboxyl-terminus (see Figure 1 ). mFGF-10 and human FGF-10 both have shorter serine stretches than rat FGF-10. The function of this serine-repeat is not clear and it is not found in FGF-7 or other FGFs. The ®rst 35 amino acids of the mFGF-10 protein consist of hydrophobic residues that are predicted to be a signal peptide for secretion. FGF-7 also has a signal peptide and is eciently secreted from mammalian cells into the culture media (Brauchle et al., 1994; Chedid et al., 1994) . Surprisingly, unlike FGF-7, mFGF-10 proteins from transfected epithelial 293 cells appeared in the cell lysates but not in the tissue culture media. Therefore, mFGF-10 protein could be inside the cells, cell surface-associated, or extracellular matrix-associated. The hypothesis that mFGF-10 enters the secretory pathway but remains cell-or matrix-associated is supported by two ®ndings:
(1) at least one form of mFGF-10 protein is Nglycosylated (see Figure 3) , and N-glycosylation occurs in the endoplasmic reticulum and the golgi apparatus but not in the cytosol. (2) heparin releases 22 kD and 30 kD mFGF-10 proteins into the media (see Figure  4) . Although the 22 kD species was the least abundant mFGF-10 variant present in the cell lysate and was hardly detectable after immunoprecipitation and Western blot analysis of total cell lysate, it was abundant and clearly visible after analysis of the conditioned medium of heparin-treated cells. This might be due to stabilization of the 22 kD protein by heparin and its accumulation in the media over time.
The secretion properties of mFGF-10 are reminiscent to those observed with another FGF family member, FGF-3. This type of FGF has a predicted signal peptide Peters, 1987, Brookes et al., 1989) but the Xenopus and the Zebra®sh FGF-3 proteins were shown to remain associated with the extracellular matrix (Kiefer et al., 1993; Kiefer et al., 1996) and were released by heparin in a dosedependent manner (Kiefer et al., 1993; Kiefer et al., 1996) .
A unique feature of FGF-7 is the paracrine mechanism of action, whereby the ligand is predominantly produced by mesenchymal cells such as ®broblasts and endothelial cells Smola et al., 1993) but not by epithelial cells . By contrast, the receptor for FGF-7, FGFR2-IIIb, is exclusively expressed on epithelial cells (Miki et al., 1992; Werner et al., 1992) . Several results suggest that FGF-10 could also act in a paracrine manner: (1) mFGF-10 mRNA was detected in the dermis but not in the epidermis of mouse tail skin; (2) cultured ®broblasts but not keratinocytes expressed mFGF-10 and (3) human FGF-10 has recently been shown to bind to FGFR2-IIIb (Jimenez et al., submitted for publication). The latter result strongly suggests that both FGF-7 and FGF-10 stimulate the same cell types.
Although the cell-type speci®c expression of both FGFR2-IIIb ligands is obviously similar, their regulation in ®broblasts was found to be very dierent. Whereas FGF-7 expression is strongly upregulated by TNF-α Figure 7 Regulation of mFGF-10 mRNA expression in ®broblasts by puri®ed growth factors and pro-in¯ammatory cytokines. Balb/c 3T3 ®broblasts were rendered quiescent by serum starvation. They were stimulated with 20 ng/ml EGF, 100 U/ml IL-1b, 10 ng/ml PDGF-BB, 1 ng/ml TGF-b1, or 300 U/ml TNF-a for 1.5, 5 or 8 h as indicated. Twenty mg of total cellular RNA from these cells was analysed by RNase protection assay for the presence of mFGF-10 mRNA. The 178 bp fragment described in Materials and methods was used as a probe various serum growth factors and pro-in¯ammatory cytokines (Brauchle et al., 1994; Chedid et al., 1994) , most of these factors had no eect on mFGF-10 expression (this study). To our surprise, TNF-a and TGF-b treatment of ®broblasts did even result in a substantial reduction of the levels of mFGF-10 mRNA, suggesting that FGF-7 and mFGF-10 could be oppositely regulated under conditions where TGFb1 and TNF-a are present at high levels such as during cutaneous wound repair or in other types of in¯ammatory conditions. This hypothesis is supported by the lack of induction of mFGF-10 expression after skin injury. The rapid decrease in the levels of mFGF-10 mRNA after TNF-a or TGF-b treatment indicates a short half-life of the mRNA, a phenomenon which is characteristic for strongly regulated genes. Our detailed expression study demonstrated the presence of mFGF-10 mRNA in various mouse tissues. This expression pattern is very similar to that of FGF-7, although the latter is also expressed in the intestine. The detection of particularly high levels of mFGF-10 mRNA in skin and lung is of particular interest with respect to its potential in vivo function. Thus the overexpression of a truncated FGFR2-IIIb muntant in these organs had caused severe phenotypic abnormalities. In the skin, the targeted expression of a dominant-negative FGFR2-IIIb in basal keratinocytes of transgenic mice caused epidermal atrophy, hair follicle abnormalities, and a severe delay in wound reepithelialization (Werner et al., 1994b) . In the developing lung, inhibition of FGFR2-IIIb signaling inhibited lung branching morphogenesis and alveolar dierentiation (Peters et al., 1994) . These results are in contrast to the normal histologic features of skin and lung in mice lacking FGF-7 (Guo et al., 1996) , suggesting the existence of other FGFR2-IIIb ligands which compensate for the lack of FGF-7. The identi®cation of mFGF-10 and its high expression in skin and lung could now provide an explanation for the lack of abnormalities in FGF-7 knockout mice. By contrast, a truncated receptor blocks the action of all receptor ligands, including FGF-7 and mFGF-10, resulting in a complete blockade of the action of endogenous receptors. This could explain the severe phenotype in mice expressing dominant-negative receptors.
One of the most striking features of FGF-7 is its strong upregulation in cutaneous wound repair (Werner et al., 1992; Marchese et al., 1995) . This result suggested an important role of FGF-7 in the healing process, a hypothesis which was strongly supported by the defect in reepithelialization of fullthickness excisional wounds in transgenic mice expressing a dominant-negative FGFR2-IIIb in the epidermis (Werner et al., 1994b) . Surprisingly, the healing process of incisional wounds appeared normal in FGF-7 knockout mice (Guo et al., 1996) . Although it remains to be elucidated whether the much more extensive reepithelialization of excisional wounds is also normal in these animals, this result demonstrates that at least incisional wounds can heal in the absence of this mitogen. The identi®cation of FGF-10 and its strong expression in mouse skin suggested that this novel FGFR2-IIIb ligand could also compensate for the lack of FGF-7 during wound healing in FGF-7 null mice. In this case one might expect upregulation of mFGF-10 expression after skin injury. To our surprise, however, expression levels of mFGF-10 mRNA did not change signi®cantly after wounding in normal mice. It will be interesting to determine if upregulation occurs in FGF-7 knockout mice. It might also be possible that lower levels of mFGF-10 are sucient to stimulate FGFR2-IIIb in wounds. This hypothesis is supported by the potent stimulatory eect of exogenous human FGF-10 protein on the wound repair process in mice (Jimenez et al., submitted for publication) . Finally, our ®nding that mFGF-10 remains cell-associated suggests that this factor is stored in its producer cells and might be released upon cell damage, e.g. after cutaneous injury. This could lead to elevated levels of mFGF-10 protein at the wound site in spite of the lack of mFGF-10 mRNA induction.
In summary, we have identi®ed and characterized a novel mouse FGF-7 homologue which diers from FGF-7 in its secretion properties and its regulation during wound healing and in cultured ®broblasts. However, both factors are co-expressed in various mouse tissues, suggesting that they might have overlapping but also distinct in vivo functions.
Material and methods
Cloning of mFGF-10 cDNA
The mFGF-10 DNA probe used for screening cDNA libraries was generated by PCR from a mouse brain cDNA library (Stratagene) using nested primers. The mFGF-10-speci®c primer sequences were derived from identical sequences in human FGF-10 and rat FGF-10 (Yamasaki et al., 1996) : ®rst round PCR primer: 5'-GTT-TCC CCT TCT TGT TCA TGG C-3'; second round PCR primer: 5'-CTT GTT CAT GGC TAA GTA ATA GTT G-3'. To generate the probe, two rounds of standard PCR reactions were performed using gene-speci®c primers described above and vector-speci®c primers designed from the Bluescript vector. An mFGF-10 cDNA fragment was obtained and used as a probe for screening a mouse lung cDNA library (Stratagene) according to standard methods for cDNA library screening (Sambrook et al., 1989) .
Transfection and immunoprecipitation experiments
For transfection of mammalian cells, the mFGF-10 open reading frame without 5'-or 3'-untranslated regions was subcloned into the pcDNA3 expression vector (Invitrogen) with an in-frame epitope tag from the in¯uenza virus hemagglutinin (HA) (YPYDVPDYA) at the carboxylterminus. Human kidney epithelial 293 cells (ATCC), grown in Dulbecco's modi®ed Eagles medium supplemented with 10% fetal calf serum, were plated in 10-cm plates at 80 % con¯uency and transfected with pcDNA-mFGF-10-HA using the Lipofectamine method (Life Technology) according to manufacturer's instructions. Cell culture media were collected 24 h post-transfection. Cells were harvested at the same time as the culture media and were lysed in NP-40 lysis buer (20 mM Tris, pH 8.0, 150 mM NaCl, 1% NP-40, 10% Glycerol, 1 mM PMSF, 1 mg/ml Leupeptin, 1 mg/ml Pepstatin, 1 mM EDTA).
FGF-10 proteins in the cell culture media and cell lysates were immunoprecipitated with a monoclonal anti-HA antibody (Boehringer Mannheim, 2 mg/10 ml for cell culture media and 1 mg/ml for cell lysates) and protein A Sepharose 4B (Sigma) for 3 h at 48C. The protein A beads were washed three times with ice cold NP-40 lysis buer, and immunoprecipitates were analysed on SDS ± PAGE. Western blots were probed with the same anti-HA antibody and a goat-antimouse IgG-alkaline phosphatase conjugate (Promega).
Coupled transcription-and-translation (TNT) reactions were carried out with the pcDNA-mFGF-10-HA plasmid (1 mg per reaction) using T7 RNA polymerase in the TNT kit (Promega) according to manufacturer's speci®cations. The reaction mixture was then diluted with 1 ml of NP-40 lysis buer and immunoprecipitated with the anti-HA antibody.
Tunicamycin (Sigma) was added to cell culture media after transfection to ®nal concentrations of 0, 2, or 5 m g/ml. Cells were incubated in tunicamycin-containing medium for 4, 8, 16, or 24 h before harvesting. Heparin (Sigma) (0.005, 0.01, 0.02, or 0.05 units per ml of culture media) was added to 293 cells immediately after transfection. Cell culture media and cell lysates were collected 24 h after addition of heparin.
Analysis of mFGF-10 regulation
To determine the regulation of mFGF-10 expression in ®broblasts, the Balb/c 3T3 ®broblast cell line was used. Cells were cultured in Dulbecco`s modi®ed Eagles medium (DMEM) supplemented with 10% newborn calf serum (NCS), grown to con¯uence in 10 cm culture dishes, and rendered quiescent by a 16 h incubation in DMEM/ 1% NCS. They were subsequently incubated for varying periods in fresh DMEM containing 20 ng/ml epidermal growth factor (EGF), 10 ng/ml platelet-derived growth factor BB (PDGF-BB), 1 ng/ml transforming growth factor b1 (TGF-b1), 100 U/ml interleukin-1b (IL-1b), or 300 U/ ml tumor necrosis factor alpha (TGF-a). Aliquots of cells were harvested before and at dierent time points after treatment with these reagents and used for RNA isolation. NCS and DMEM were purchased from Gibco Life Technologies, Inc., growth factors and cytokines were from Boehringer Mannheim Biochemicals. Each experiment was repeated at least twice.
Northern blot analysis
The DNA probe for Northern blot analysis was made by random primer labeling according to manufacturer's speci®cation (Rediprime kit, Amersham). The probes were puri®ed by passing through NucTrap probe puri®cation columns (Stratagene) to remove unincorporated nucleotides. Multiple tissue Northern blots were prehybridized in Hybrisol I solution (Oncor) for 3 h at 408C. Probe DNA was denatured and added to hybridization solution at 10 6 c.p.m/ml of solution. Hybridization was carried out at 428C overnight. Blots were washed twice for 15 min with 26SSC/0.1% SDS at room temperature, once in 0.26 SSC/0.1% SDS at 558C, once in 0.26SSC/0.1% SDS at 658C and autoradiographed.
RNA isolation and RNase protection assay
Total cellular RNA was isolated from various tissues and organs of adult Balb/c mice (3-months-old), or from cultured cells as described by Chomczynski and Sacchi, 1987 . RNase protection assays were carried out as recently described (Werner et al., 1992) . Brie¯y, DNA probes were cloned into the transcription vector pBluescript KSII (+) (Stratagene) and linearized. An antisense transcript was synthesized in vitro using T3 or T7 RNA polymerases and 32P-UTP (800 Ci/mmol). RNA samples were hybridized at 428C overnight with 100 000 c.p.m of the labeled antisense transcript. As a loading control, 1 mg of the same batch of RNAs were loaded on a 1% agarose gel and stained with ethidium bromide. Hybrids were digested with RNases A and T1 for 1 h at 308C. Protected fragments were separated on 5% acrylamide/8 M urea gels and analysed by autoradiography. All protection assays were repeated with a dierent set of RNAs from independent experiments, using two dierent mFGF-10 templates. The following templates were used: (i) a 178 bp fragment corresponding to nt 947-1125 of the mouse FGF-10 cDNA, (ii) a 322 bp fragment corresponding to nt 795-1117 of the mouse FGF-10 cDNA (both fragments are located within the coding region), and (iii) a 201 bp fragment corresponding to nucleotides 23-224 of the murine FGF-7 cDNA (Mason et al., 1994) .
Wounding and Preparation of Wound Tissues
Wounding and preparation of wound tissues was performed as recently described (Werner et al., 1994a) . Brie¯y, 6 mm full-thickness excisional wounds were generated on the back of female Balb/c 3T3 mice by excising skin and panniculus carnosus. Wounds were left uncovered without dressings. At dierent time points after injury, the complete wounds of four mice (N=24 wounds), including 2 mm of the epithelial margins, were excised and immediately frozen in liquid nitrogen. All experiments with animals were carried out with permission from the local government of Bavaria.
